Introduction

43
Predicting biological responses to climatic change is critical (Araújo et al. 2005) , but a number 44 of researchers have begun to emphasize the potential unpredictability of species' responses to 45 climatic change (e.g., Hill et al. 2002 , McGeoch et al. 2006 , Pelini et al. 2009 , Doak and Morris individual could not escape to a non-lethal thermal environment (Lighton and Turner 2004) . Ant 116 workers of different species were collected in the forest adjacent to the chambers, and their 117 thermal tolerances were tested individually (minimum 8 individuals per species at each site) in a 118 heat block that generated a 2 °C temperature increase every 10 minutes starting at 36 °C. At the 119 end of every 10 minute interval, individual ants were checked for the loss of muscular 120 coordination (Appendix B).
121
For species distribution models (SDMs), current climatic data were obtained from 122 WorldClim (Hijmans et al. 2005) , and projected future climatic data (for the year 2080 based on for each of the ant species present in the pitfall traps at Duke and Harvard Forests were obtained 126 from the primary literature and museum records (Fitzpatrick et al. 2011 ).
127
Analyses. We collected 24 and 11 species in pitfall traps at Duke and Harvard Forest 128 respectively (excluding the non-ground foraging ant species N. texanus and C. obliquus; 129 Appendix B). Of these species, we were able to obtain corresponding physiological and 130 distribution data for 19 and 6 species, respectively. Average CT max values were calculated for 131 each species and used as a predictor variable in regression models of ant activity density 132 responses in the experimental chambers. All analyses were performed in R (version 2.13.1; R
133
Development Core Team 2011).
134
Physiological models. We used ANOVA to test whether physiological tolerance to high 135 temperatures influences ant abundance (effectively, worker activity density, given comparable 136 sampling areas in our study; Longino and Colwell 2011) in response to experimentally simulated 137 climatic warming. Cumulative worker density across sampling events was considered the response variable, and CT max , Δ c , and the interaction of CT max with Δ c , were considered as 139 continuous fixed-effect predictor variables. All assumptions of ANOVA were met (see below).
140
MaxEnt models. We fit maximum entropy (MaxEnt) correlative species distribution 141 models (SDMs) for each species with standard settings for the maxent function from the dismo 142 package in R (Hijmans et al. 2011) . Three sets of MaxEnt models were developed based on 143 current and future (2080) environmental variables most relevant to manipulated aspects of the 144 experimental arrays (i.e., thermal indices): 1) mean annual temperature, 2) mean temperature 145 during the warmest annual quarter, and 3) maximum temperature during the warmest annual 146 quarter. We used these thermal indices to develop models to predict the probability of occurrence 147 within North America, and then extracted the probability of occurrence values for each species at 148 each site under current and future climates. Typically, projected changes in probability of 149 occurrence across a species' entire range are used to infer species' responses to climatic change 150 (Fitzpatrick et al. 2008) . Here, we restricted our consideration of MaxEnt-derived changes in 151 probability of occurrence to the approximately 1 km 2 areas containing the Duke and Harvard
152
Forest experimental warming sites. In this way, the spatial scales were comparable for 153 comparisons of thermal tolerances, MaxEnt predictions, and responses to experimental warming.
154
MaxEnt usually performs more poorly when it is underparameterized than it does when it is 155 overparameterized (Warren and Seifert 2011); to address this issue, we used expanded sets of
156
MaxEnt models fit with all 19 bioclim variables (Appendix B,C). These results were 157 qualitatively similar to the thermal index-only models. Therefore, we present the MaxEnt models 158 based on just the thermal indices (Hijmans and Graham 2006) .
159
Model Comparisons. We used ANOVA to test the ability of physiological thermal all sampling events) for that given species in that given chamber. Cumulative worker densities 174 were normalized to sum to one (for a given species among all the chambers in which it occurred) 175 prior to this calculation.
176
For simplicity, hereafter we explicitly use "CT max " to refer to the critical thermal 177 maximum, "Δ c " to refer to the degrees Celsius above ambient for each experimental warming 178 chamber, and "MaxEnt prediction" to refer to the change in probability of occurrence between 179 current and future climates; similarly, we refer to the response variables as "thermal 180 accumulation slope" (slope of the linear relationship between ln(cumulative worker density) and 181 Δ c ) and "maximal accumulation temperature" (mean Δ c weighted by cumulative worker density).
182
In all of these analyses, it is the different species, not the experimental chamber or the site, that obtain AUC test values, 20% of the data were withheld for testing using k-fold partitioning). We 225 emphasize, however, that our primary interest was in relative differences among species in the 226 change in probability of occurrence from current to future conditions, and how these differences 227 potentially relate to species' responses to experimental warming, rather than in the precision of 228 individual SDMs.
In this respect, correlative SDMs were poor predictors compared with CT max at the 230 southern site, and equally poor predictors as CT max at the northern site ( Fig warming at the low latitude site (Appendix G).
281
Our results suggest that the subset of the species in the regional species pool in the 282 southeastern United States that will become more abundant with climatic warming will be those 283 with high thermal tolerances. Although our study focused on those species already present at the 284 study sites the same trends might also hold more generally within the larger regional species 285 pool. We speculate that species with high thermal tolerances from distant southern sites might be 286 among the first to colonize the new climatic environments generated by regional warming. Relationships between environmental temperature, warming chamber temperature manipulations and hypothesized ant thermal performance curves at the high latitude (Harvard Forest) and low latitude (Duke Forest) sites. The left panel depicts the current temperature of the warmest annual quarter (°C) derived from WorldClim. The two rightmost panels depict hypothesized thermal performance curves (blue lines), with relative performance as a function of temperature at the high latitude (top panel) and low latitude (bottom panel) sites. The color gradients correspond with the current temperature of the warmest annual quarter (ambient temperature) at each site, and temperatures of the warmest annual quarter after applying the warming chamber treatments (1.5 to 5.5 °C above ambient temperature). Note that environmental temperatures in the warming chambers are much closer to the thermal optimum (T opt ) and critical thermal maximum (CT max ) at the low latitude site compared with the high latitude site. 
Ecological Archives
Methodological details
Pitfall collections
To sample ants, we placed four pitfall traps (90 mL volume) containing propylene glycol (30 mL; Prestone, LowTox) flush with the soil surface in each chamber. During each sampling event, traps were left out for a 48-hour sampling period (performed monthly; see below). At the end of the 48-hour sampling period, individual ants recovered in the pitfall traps were removed from the propylene glycol and preserved in 95% ethanol. All ants were identified to the species level; pinned voucher specimens are retained at North Carolina State University, and at Harvard Forest.
Monthly pitfall samples were conducted at Duke and Harvard Forest (April 2010 -September 2011). Pitfall data also were collected for each chamber following chamber construction, but prior to the setting of experimental temperature treatments (SeptemberNovember 2009). We examined such 'pre-treatment' data for potential preexisting biases in species abundance across chambers. A gap exists between the pre-and post-treatment data because we restrict our analyses of post-treatment data to those data collected after the stabilization of Δ c s in experimental chambers which required approximately 4 months. We restricted our analyses to those ground-foraging ant species which were sampled in the pitfall traps at Duke and Harvard Forests, and excluded data on a primarily subterranean, exceptionally rare species that does not nest in the chambers (Neivamyrmex texanus), and a canopy specialist species (Camponotus obliquus).
Thermal tolerance
Colony fragments of ants (workers only) were collected from open and forested areas adjacent to the Duke and Harvard Forest warming sites, and comparable habitats within Wake Co. (North Carolina, USA) and Worcester Co. (Massachusetts, USA). Colony fragments were maintained with continuous access to food and water at a non-stressful temperature of 25 °C, ensuring ants were in good condition prior to thermal testing (testing occurred within 24 hours of collection). Ants were placed individually into 1.5mL Eppendorf tubes which contained cotton in the lid cap to eliminate a potential thermal refuge. The tubes were transferred to a heating dry block (Thermal Lok USA Scientific), and the temperature was increased by 2 °C every 10 minutes starting at 36 °C until the loss of ant muscular coordination which indicated CT max was reached.
Species distribution models
Current climatic data were obtained from WorldClim at a 30 arc-second (1 km) resolution (Hijmans et al. 2005) . Statistically downscaled global climate change models (GCM) based on the third IPCC Assessment Report were obtained from the International Centre for Tropical Agriculture (CIAT) (Ramirez and Jarvis 2008) , and used to derive predicted future climate data for 2080. We examined a range of different GCMs (CCCMA-CGCM2, CSIRO-MK2, and HCCPR-HADCM3 at a 30 arc-second resolution); because results were similar across different climate models, we focus on results from the CCCMA-CGCM2 model (Appendix C,D) . This model predicts a 4.6 °C increase in temperature at Duke Forest, and 4.8 °C increase at Harvard Forest by the year 2080.
North American occurrence data (presence-only) for each of the ant species present in the pitfall traps at Duke and Harvard Forests were obtained from the primary literature and museum records (Fitzpatrick et al. 2011) . The median number of records was 111 species -1 and ranged from 13 to 471 for the Duke and Harvard Forest species examined in our study.
Phylogenetic autocorrelation
We fit phylogenetic generalized least squares (PGLS) models where the degree of phylogenetic autocorrelation (Pagel's λ) was simultaneously co-estimated. Lambda is a measure of phylogenetic inertia, or how closely the structure in the model residuals resembles the structure of the phylogeny, with greater values indicating greater phylogenetic structure. Phylogenetic associations among ant genera were based on the phylogeny of Moreau et al. (2006) . Unknown relationships among species were interpolated as polytomies.
Supporting analyses and results
Potential for pre-existing patterns in ant activity density
Prior to chamber deltas being set at Duke and Harvard Forest, we found little evidence of systematic variation in the worker density of ants among different chambers (ANOVA revealed a non-significant effect of chamber on pre-treatment cumulative worker density at Duke Forest: F 11,74 = 0.317, P = 0.980, and at Harvard Forest: F 11,8 = 0.581, P = 0.802), indicating our posttreatment results of CT max being predictive of ant activity density do not simply reflect preexisting patterns of warming chamber colonization.
ANOVA models based on thermal accumulation slope
For ANOVA models in which the slope of the linear relationship between ln(cumulative worker density) and Δ c was considered the response, and CT max and the difference in MaxEnt probability of occurrence between current and future climate were considered continuous fixed effects, two species (Amblyopone pallipes and Temnothorax pergandei) from Duke Forest were excluded from this analysis owing to their occurrence in only a single temperature treatment (slopes relating ln(cumulative worker density) and Δ c could not be estimated).
We additionally performed ANOVAs of thermal accumulation slope as functions of CT max and MaxEnt predictions with the residuals weighted by 1/(SE of the thermal accumulation slope). The results were qualitatively similar to our unweighted analyses. We focus on the unweighted analyses, as weighted analyses introduce some degree of systematic bias in which species that naturally occur at low frequency, but nonetheless respond to warming treatments, are necessarily weighted less than more frequently occurring species with comparable responses to the warming treatments (Appendix J). 
